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Abstract 
Very few cases of Cast Blasting use in phosphate mining are reported. However, in open-cast coal mining, Cast Blasting is a 
common practice. And yet, the geological structure of both types of deposits is similar. Accordingly, advantages for phosphate 
open-cast mines are manifest, especially as future conditions of phosphate deposits fit quite well with the approach. 
The perspectives in terms of increasing capacity and reducing cost of stripping are quite positive. The dragline market (backbone 
of open-cast mining) is currently dominated by few suppliers. Avoiding investment in these mining equipment would limit the risk 
of dependency and therefore provide a strategic advantage. 
Moreover, coping with the improvement of efficiency issues, transforming fixed costs into variable costs are a key measure. And 
this is something that could be achieved through Cast Blasting. 
Prior to the implementation of this method, a study was achieved to demonstrate profitability while specifying the conditions of 
optimal use. The study was based both on the use of numerical simulation and field trials. 
The presentation provides a summary of the geology, the blasting method and the findings of this study and highlights the side 
effects that should be fixed (mainly back break) in order to ensure the best result from the Cast Blasting method. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Scientific Committee of SYMPHOS 2015. 
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1 Context and purpose 
The strategic mid-term objectives of OCP Group include, among others, the increase of production capacity and 
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decrease of mining cost. The stripping phase plays an important role in the overall mining system, in particular in 
matter of cost (up to 40% of the global cost of mining). Moreover, not less than 85 million m3 (111.2 million yd3) of 
waste rocks are moved on average annually from the different pits. Blasting alone takes 8% of stripping expenditures.  
The implementation of a Cast Blasting method will contribute to achieve these goals. Moreover, it will help dealing 
with the consequences of an unstable phosphate market. The transformation of capital expenditures into operational 
expenditures is very important to reduce cost and Cast Blasting can help to achieve this. 
This paper aims at shedding light on the advantages of Cast Blasting method over the conventional method of blasting, 
to review the results of preliminary tests performed at two mine sites during 2012 and to present the results of the 
simulation study conducted in collaboration with a foreign expert, including pre-optimal parameters, the simulation 
of cost and production capacity increase. 
2 Methodology 
To complete this study we took the steps shown in Figure 1. Methodology of study 
Validation tests
Derive the pre-optimal parameters
Computer simulation and economic costing
Define simulation scenarii
Define critical parameters
Prepare the needed data
Achieve preliminary tests
 
Figure 1. Methodology of study 
3 Current blasting method in use at OCP mines 
3.1 Geology and mining overview 
Moroccan phosphate deposits were formed between the Cretaceous and the Lutetian. They are located in the central 
part of Morocco and are of sedimentary nature with multiple layers of waste rocks and phosphate beds. The overburden 
is made of a diversity of rocks as clay, limestone and chert (silex) with a height varying from 5 m (16.4ft) to more 
than 40 m (131.2 ft). The basic geotechnical parameters are summarized in Table 1. 
Table 1. Basic geotechnical parameters 
Density (t/m3) Porosity (%) UCS (MPa) 
1.90 – 2.60 6 – 25 5 – 50 
 
 
Figure 2. Typical highwall in MEA mine (Khouribga) 
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Mining is undertaken by a stripping method using drill/blast and draglines (Figure 3). Phosphate ore is loaded by 
shovels or wheel loaders and hauled by large capacity trucks to be stockpiled and later reclaimed by bucket wheel 
excavators for processing. 
 
Figure 3. Overburden stripping by a dragline 
3.2 Drilling 
Drilling is performed by a fleet of 25 electric and diesel drills of different brands (Caterpillar, Terex, Ingersoll-Rand, 
Atlas Copco…).  
Drilling diameter is 9 in (229 mm). Burden varies from 4-9 m (13.12-29.53 ft) and spacing varies approximately in 
the same interval. The boreholes are drilled according to a staggered pattern (Figure 4).  
 
Figure 4. Overburden drill holes 
3.3 Blasting 
The mass rock is in general hard and requires breaking prior to handling by mining equipment. ANFO provided by 
CADEX is the main explosive used to blast overburden. The powder factor (PF) varies from 0.25 to 0.50 lb./yd3 (150 
- 350 g/m3) depending on rock’s properties. Two initiation methods are used: by detonating cord (0.026 lb./m) and by 
electrical sequential method for area subject to environmental constraints. The delays are of 25 ms between blast holes 
and about 100 ms between rows. The stemming is performed with the drilling cuttings on about 3.5 m (11.48 ft) length 
from the top. A typical overburden blast is shown at Figure 5. 
 
 
Figure 5. Overburden blasting 
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4 Proposed cast blasting method 
4.1 Overview of the method 
The Cast Blasting method is based on the use of explosive energy to break and move a rock mass directly into a berm 
(void created in a previous pit) thus minimizing the use of mechanical mining equipment (Figure 6), including 
draglines. In fact, Cast Blasting plays the role of a pre-stripping phase aiming at minimizing the quantity of waste to 
be cast later by a dragline or pushed by bulldozers.  
 
Figure 6. Cast blasting general principle 
The use of this blasting method in the mining industry started in the early 1970s mainly in strip coal mines in the USA. 
The technique spread very rapidly in the 1980s as a reaction to constant rising mining costs observed since that time 
(energy, labor and equipment).  
4.2 Preliminary tests 
A series of tests was performed during 2012 in order to ensure the feasibility of the method and determine a first 
estimate of the parameters to be used as well as side effects. They were made at two mine sites in the period from 
February to May 2012. 
4.3 Parameters 
The data and parameters for each test are shown in Table 2. In all cases, borehole diameter is 9 in (229 mm). 
Table 2. Summary of data and parameters for the Cast Blasting tests 
Data/parameters Test 1 Test 2 Test 3 Test 4  Test 5 
Bench height (m) 15 15 13 16 14 
Burden (m) 5 5 5 5 5 
Spacing (m) 7 7 7 7 6 
Borehole angle (°) 10 10 0 5 10 
Powder factor (lb/yd3) 1,30 1,29 1,13 1,02 1,26 
Blast length (m) 40 40 40 40 40 
Initiation method Elec. Seq. Elec. Seq. Elec. Seq. Elec. Seq. Elec. Seq. 
Scheme extremity central extremity central extremity 
Stemming material cuttings cuttings cuttings gravel gravel 
Stemming height (m) 3.5 3.5 3.5 6 4.5 
 
4.4 Results 
The output of a Cast Blasting test is measured by the displacement produced by the explosive (casting rate). This is 
the fraction that has been moved out of the total volume. The results are shown in  
Table 3. 
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Table 3. Casting rates for different tests 
Test 1 2 3 4 5 
Casting rate (%) 44% 67% 30% 45% 35% 
 
 
Figure 7. Test 2 muck pile 
Benguerir and Khouribga deposits differ as regards the geotechnical properties of their rocks. This results in lower 
casting rates for the latter mine site. 
4.5 Approaching optimal parameters 
Cast Blasting critical parameters are: 1) powder factor (this in turn depends on the burden, spacing and hole diameter), 
2) drill hole angle, 3) stemming height and material, and 4) initiation mode. To fine tune parameters for optimal Cast 
Blasting results, the authors performed further trials by using a computer simulation program (DNA-Blast). This is a 
very interesting approach in terms of cost and delay. The combination of parameters used in simulation is given in the 
following table: 
Table 4. Simulation plan 
Sim. no 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Overburden thickness (m) 10 15 20 30 10 15 20 10 15 20 30 10 15 20 30 
Burden (m) 5 6 6 7 5 6 6 5 5 6 6 4 5 5 5 
Spacing (m) 6 6 7 6 5 5 6 4 6 5 6 5 5 5 6 
Powder factor (lb/yd3) 1 1 1 1,1 1,2 1,3 1,2 1,5 1,3 1,4 1,3 1,5 2 1,7 1,5 
The sequences are indicated in the following layout. 
 
Figure 8. Plan of blasting sequences (V type) 
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The remaining parameters are as follows: 
- Stemming height: 4.50 m (14.76 ft); 
- Drill hole angle: 10 ° for the first row, 0 ° for the remaining rows; and 
- Initiation sequences: V layout, 25 ms between holes, 75-108 ms between rows. 
The overall simulation process is indicated in Figure 9. 
 
 
Figure 9. Simulation process 
Figure 10 shows a sample of a computer program output for a simulation scenario. 
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Figure 10. Output of the simulation program 
According to Figure 11, the best casting rates are obtained for overburden thicknesses beyond 15-20 m (49.21-65.62 
ft) and for moderate powder factors. For a 10 m (32.81 ft) thickness, we are required to use a PF of 1.51 lb/yd3 to 
achieve a casting rate of only 33%.  
 
Figure 11. Powder Factor vs. Casting rate 
Furthermore, one can conclude from a comparison of Cast Blasting costs and conventional (Figure 12) drill/blast/strip 
that it is not profitable to use cast blasting for an area with 10-15 m (32.81-65.62 ft) overburden.  
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Figure 12. Cost difference casting vs. conventional 
4.6 Side effects 
Despite the positive results in terms of casting rate and overall stripping cost, Cast Blasting leads to dangerous back 
break effects as the one shown in Figure 13.  
 
Figure 13. Back break effect due to cast blasting. 
The future use of the Cast Blasting in these mines will depend on finding an effective solution to this issue. The 
authors are planning trials for the presplitting and buffer zone method.  
5 Conclusions and perspectives 
The results of the study point out that Cast Blasting is likely to provide a significant increase in terms of stripping 
capacity. It is most advantageous to use with a powder factor in the range 1.01-1.26 lb/yd3. For the first row the 
boreholes should be drilled with a 10 degrees angle. The results are improved by a stemming that uses a gravel type 
material instead of the cuttings generated by the drill. 
The Cast Blasting method has a significant economic advantage over the mechanical method for large overburden, 
beyond 20 m (65.62 ft). This is consistent with the conditions of phosphate deposits that will be mined in the near 
future. 
However, Cast Blasting requires higher powder factors that inevitably lead to serious side-effects (mainly back break). 
As said earlier, fixing this issue is essential to make the best use of the method. We planned a study to address this 
problem. 
We will also bring further improvements to this work by taking into account the effect of different delay schemes on 
the Casting rate. 
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